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7KHHIIHFWLYHXSJUDGLQJRIUDZELRJDVWRPHWKDQHE\VHOHFWLYHPHPEUDQHV
3,]DN0.iUiV]RYi-9HMUD]ND.)ULHVV$5DQGRYi-&-DQVHQ
,QVWLWXWHRI&KHPLFDO3URFHVV)XQGDPHQWDOVRIWKH$6&5&]HFK5HSXEOLF,QVWLWXWHRI
&KHPLFDO7HFKQRORJ\LQ3UDJXH&]HFK5HSXEOLF8QLYHUVLW\RI&DODEULD,WDO\
7KHDLPRIWKLVZRUNZDVWRGHYHORSLQQRYDWLYHPHPEUDQHVDEOHWRVHSDUDWHFDUERQGLR[LGHDQG
HYHQWXDOO\RWKHUXQGHVLUDEOHFRPSRXQGVIURPUDZELRJDV6XFKPHPEUDQHVVKRXOGEHVWDEOHLQ
DQ DJJUHVVLYH HQYLURQPHQW DQG UHVLVWDQW WR KXPLGLW\ SUHVHQW LQ ELRJDV 7KHUHIRUH WKUHH
FRPSOHWHO\ GLIIHUHQW W\SHV RIPHPEUDQHVZHUH LQYHVWLJDWHG LQ WKLVZRUN QDPHO\ D VXSSRUWHG
LRQLF OLTXLG PHPEUDQH D ZDWHU FRQGHQVLQJ PHPEUDQH >@ DQG D ZDWHUVZROOHQ WKLQ ILOP
FRPSRVLWHPHPEUDQH >@7KLVZRUNGHDOVPDLQO\ZLWKDPRGHOPL[WXUHEXW UDZELRJDV WDNHQ
IURPDVHZDJHSODQWZDVXVHGWRFRPSOHWHWKHUHVXOWVRIWKHZRUN
%LRJDV LVSURGXFHGE\DQDHURELFGLJHVWLRQRIRUJDQLFZDVWHDQGFRQVLVWVPDLQO\RIPHWKDQH
FDUERQ GLR[LGH DQG D VPDOO DPRXQW RI FRUURVLYH JDVHV ZDWHU YDSRU K\GURJHQ VXOILGH
DPPRQLD DQGPHUFDSWDQHV 7KHPHWKDQH SUHVHQW JLYHV ELRJDV WKH SRWHQWLDO WR EHFRPH DQ
DOWHUQDWLYH VRXUFH WR FODVVLFDO IXHOV8QIRUWXQDWHO\ WKH FRPSRVLWLRQ RI ELRJDV W\SLFDOO\ ±
YRO PHWKDQH DQG ± YRO FDUERQ GLR[LGH GHSHQGV RQ LWV RULJLQ DQG RQ WKH VHDVRQ
&RQVHTXHQWO\ LW LV PRVW FRPPRQO\ XVHG LQ DQFLOODU\ FRPELQHG KHDW DQG SRZHU SODQWV
FRQQHFWHG WR ELRJDV VRXUFHV VXFK DV IDUPV RU VHZDJH SODQWV ZKHUH D FKDQJH LQ WKH
FRPSRVLWLRQ RI ELRJDV LV QRW D SUREOHP )RU XVH DV D IXHO WKH EHVW VRXUFH RI ELRJDV LV WKDW
SURGXFHG LQ VHZDJH SODQWV EHFDXVH LW KDV JHQHUDOO\ WKH KLJKHVW PHWKDQH FRQWHQW DQG LW LV
HDVLO\ DFFHVVLEOH 0DQ\ GLIIHUHQW PHWKRGV KDYH EHHQ VWXGLHG WR SXULI\ ELRJDV WR HQJLQHIXHO
TXDOLW\:DWHUVFUXEELQJSRO\HWK\OHQHJO\FROVFUXEELQJRUPROHFXODUVLHYHVDUHXVHGWRUHPRYH
FDUERQ GLR[LGH 3UHVVXUHVZLQJ DEVRUSWLRQ LV DOVR YHU\ FRPPRQ +\GURJHQ VXOILGH ZKLFK LV
SUREOHPDWLF EHFDXVH RI LWV FRUURVLYH HIIHFW LV FDSWXUHG RQ LPSUHJQDWHG DFWLYH FRDO RU E\
DEVRUSWLRQ
0HPEUDQH VHSDUDWLRQ UHSUHVHQWV WKH ODWHVW DSSURDFK WR ELRJDV SXULILFDWLRQ 3RO\PHULF
PHPEUDQHVPDGHRIVLOLFRQHUXEEHU>@DQGFHOOXORVHDFHWDWHKDYHDOUHDG\EHHQGHVFULEHG>@
3RO\LPLGHPHPEUDQHV>@DUHYHU\SRSXODUDQGSRO\HWKHUEORFNDPLGHPHPEUDQHVKDYHDOVR
EHHQ WHVWHG >@ 0RVW RI WKHVH PHPEUDQHV DUH HIIHFWLYH IRU &+&2 VHSDUDWLRQ EXW WKH
PDMRULW\FDQQRWEHXVHGIRUELRJDVSXULILFDWLRQEHFDXVHWKH\DUHGDPDJHGE\DJJUHVVLYHJDVHV
1HYHUWKHOHVVWKH\KDYHDOUHDG\EHHQDSSOLHGIRULQHUWJDVHV>@$SURPLVLQJQRYHOFODVVRIJDV
VHSDUDWLRQPHPEUDQHV LV UHSUHVHQWHGE\ LRQLF OLTXLGPHPEUDQHV7KHLUPDLQDGYDQWDJHVDUH
KLJKIOX[HVWKURXJKWKHPHPEUDQHVDQGDYHU\JRRGVHOHFWLYLW\>@0DQ\GLIIHUHQWLRQLFOLTXLGV
KDYHEHHQXVHG WRVHSDUDWHPHWKDQH IURPFDUERQGLR[LGH >@DQG WKHLUHIIHFWLYHQHVVKDV
EHHQ SURYHG +RZHYHU LRQLF OLTXLGV DSSHDU WR EH WRR H[SHQVLYH IRU ELRJDV WUHDWPHQW RQ DQ
LQGXVWULDOVFDOH
5HFHQWO\ ZH KDYH SURSRVHG D QHZ PHWKRG RI PHPEUDQH VHSDUDWLRQ XVLQJ D VRFDOOHG
³FRQGHQVLQJOLTXLGPHPEUDQH´>@7KLVW\SHRIPHPEUDQHKDVDVLJQLILFDQWDGYDQWDJHRYHUWKH
XVXDOOLTXLGPHPEUDQH8QZDQWHGDQGWR[LFJDVHVDUHUHPRYHGIURPLWVFRQWLQXRXVO\UHIUHVKHG
VXUIDFH ZLWK FRQGHQVHG ZDWHU WR DYRLG FRQWDPLQDWLRQ RI WKH SHUPVHOHFWLYH PHPEUDQH
IXUWKHUPRUHFRQGHQVHGZDWHUSDVVLQJWKURXJKWKHPHPEUDQHHQVXUHVVHOHFWLYLW\RIWKHZKROH
VHSDUDWLRQ 7KH PHWKRG LV LQ IDFW EDVHG RQ D OLTXLG ZDWHU LQ WKLV FDVH FRQGHQVLQJ RQ D
K\GURSKLOLFPHPEUDQHDVDUHVXOWRIWKHWHPSHUDWXUHGLIIHUHQFHRIWKHPHPEUDQHDQGWKHZDWHU
VDWXUDWHGELRJDVIHHG7KHIHHGJDVPL[WXUHLVVDWXUDWHGE\ZDWHUYDSRU7KHPHPEUDQHKDVWR
EH FRRO HQRXJK WR PDNH WKH OLTXLG FRQGHQVH RQ WKH VXUIDFH 9DULRXV RSHUDWLRQDO FRQGLWLRQV
ZHUH IROORZHG DQG WKHLU HIIHFW RQ WKH VHSDUDWLRQ RI PHWKDQH IURP XQZDQWHG JDVHV ZDV
PRQLWRUHG$QRWKHUW\SHRIPHPEUDQHEDVHGRQDVLPLODUSULQFLSOHLVWKHVZROOHQK\GURSKLOLFWKLQ
ILOP FRPSRVLWH PHPEUDQH 7KH FRQGHQVLQJ ZDWHU RQ WKH PHPEUDQH RU RQ WKH VZROOHQ
K\GURSKLOLF WKLQ ILOPFRPSRVLWHPHPEUDQHFUHDWHVDVHSDUDWLRQEDUULHUZKLFKVHSDUDWHVSRODU
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JDVVHV&2+6DQG&+IURPELRJDVRQWKHEDVLVRIWKHLUKLJKHUVROXELOLW\LQZDWHU,QRUGHU
WRDFKLHYHVSRQWDQHRXVFRQGHQVDWLRQRIZDWHUWKHPHPEUDQHWHPSHUDWXUHPXVWEHEHORZWKH
GHZSRLQWRIWKHELRJDVIHHG7KHFRQWDFWRIWKHPHPEUDQHVXUIDFHZLWKZDWHUFDXVHVVZHOOLQJ
RI WKHSRO\DPLGH WKLQ ILOP LQ WKHFDVHRIFRPSRVLWHPHPEUDQHV'XULQJ WKH LPSUHJQDWLRQ WKH
SRURXV VXSSRUW LV DOVR VDWXUDWHG ZLWK ZDWHU EXW WKLV ZDWHU WHQGV WR HYDSRUDWH GXULQJ WKH
H[SHULPHQW7KXVWKHPHPEUDQHKDVWREHFRROHGGRZQHQRXJKWRPDNHWKHOLTXLGFRQGHQVH
RQLWVVXUIDFH$ELQDU\PL[WXUHZDVXVHGWRVHHWKHSHUIRUPDQFHRIWKHPHPEUDQHWUHDWHGE\
WKHQHZPHWKRG7KHXSVWUHDPSUHVVXUHZDVNHSWDWN3D WRDFKLHYH WKHKLJKHVWSRVVLEOH
SHUPHDWLRQIOX[ZLWKLQDSSDUDWXVOLPLWV
3UHOLPLQDU\ WHVWV UHYHDOHG WKDW WKH SHUPHDWLRQ IOX[HV RIPHWKDQH DQG FDUERQ GLR[LGH LQ UDZ
ELRJDVLQFUHDVHZLWKLQFUHDVLQJWHPSHUDWXUH$WDSUHVVXUHGLIIHUHQFHRIN3DRQWKHUHYHUVH
RVPRVLVPHPEUDQHDVZROOHQVNLQOD\HURQDGU\VXSSRUWLVSRVVLEOHWRREWDLQIURPUDZELRJDV
HYHQPRUHWKDQYRORI&+LQUHWHQWDWHVWUHDP)LJ

)LJ 'HSHQGHQFHRI&+ DQG&2 FRQFHQWUDWLRQ LQ UHWHQWDWH GXULQJ UDZELRJDV VHSDUDWLRQ
ZLWKZDWHUFRQGHQVLQJRQUHYHUVHRVPRVLVPHPEUDQH7KHWZRSODWHDXVFRUUHVSRQGWRSDUWLDO
DQGFRPSOHWHZHWWLQJRIWKHPHPEUDQHVXUIDFHZKHUHWKHKLJKHVWVHOHFWLYLW\LVUHDFKHGLQWKH
FRPSOHWHO\ZHWWHGPHPEUDQH

,Q FRQFOXVLRQ ZH SURSRVH D QHZ HIIHFWLYH PHWKRG IRU XSJUDGLQJ RI UDZ ELRJDV WR WKH VDPH
TXDOLW\DVWKDWRI IXHOVWDQGDUGQDWXUDOJDVEDVHGRQPHPEUDQHVHSDUDWLRQSURFHVVHV ,QRXU
VLQJOHVWDJHPHWKRGZLWKDWHPSHUDWXUHEHORZWKHGHZSRLQWRIWKHUDZELRJDVIHHGFRQGHQVLQJ
ZDWHURQWKHVZROOHQK\GURSKLOLF WKLQILOPFRPSRVLWHUHYHUVHRVPRVLVPHPEUDQHSURPRWHVWKH
IRUPDWLRQ RI D YHU\ WKLQ VHOHFWLYH ZDWHU OD\HU 7KH VLJQLILFDQW GLIIHUHQFH LQ VROXELOLW\ DQG
SHUPHDELOLW\RIPHWKDQHDQGRIUDZELRJDVLPSXULWLHVFDUERQGLR[LGHK\GURJHQVXOILGHLQDQG
WKURXJK WKH ZDWHU OD\HU UHVXOWV LQ DQ HIIHFWLYH &2&+ VHSDUDWLRQ 7KH SUHVHQWHG ZRUN
UHSUHVHQWV DQ LQQRYDWLYH DSSURDFK WR HQDEOH UHODWLYHO\ LQH[SHQVLYH SURGXFWLRQ RI ELRPHWKDQH
IURPVHZDJHELRJDV$OORXUGDWDZHUHFRPSDUHGZLWKWKHVXSSRUWHGLRQLFOLTXLGPHPEUDQHDQG
ZLWKOLWHUDWXUHGDWDLQ5REHVRQSORW
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